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ABSTRACT
This document is a Topical Repon gescribing Omana Public Power District's reload core analysis
methodology for application 1o the Fort Calhoun Station Unit No 1

The report provides an overview of the District's reload core methodology Analyses performed by the
District and its contractors are described. Detalls of the thermal hydraulic methodology which were
préviously submitted 1o the NRC are provided
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1.0

2.0

3.0

OMAHA PUELIC POWER DISTRICT
RELOAD CORE METHODOLOGY OVERVIEW

INTRODUCTION

Analyses done to license reioad cores for Fort Calhoun Station consist of the analys
performed by the Omana Public Power District and the analysis performed by the nu |ear tue!
vendor. The current nuclear fuel vendor is Westinghouse Electric Corparation (W), h wever,
future reload fuel may be potentially supplied by any of the four U.8. PWR nuc'sar fu | vendors
Advanced Nuclear Fuels Corp \ANF). ABB Combustion Engineering (CE), Westinghc Jse, or
Babcock and Wilcox. The following sections discuss the reload analyses and const date
information about the District's methiodology previously submitied

FUEL SYSTEM DESIGN

The fuel assambly mechanical design and analysis are pertormed by the nuciear fue vendor
The fuel mechanical design and design methods utilized for Fort Caihoun Station by
Westinghouse are describeu in Reference 2-1. Combustion Engineering, the co-res dent fuel
In the mixed core, fuel mechanical design and design methods are discussed n Ref rences
2-2 and 2-3,

In an efton to further reduce the neutron flux 10 the reactor vessel weids, tull length M. fnium flux
Suppression rods, which are similar to the part length poison rods utilized in Cycle 1¢ . will be
iIncorporated Into the fuel loading pattern. The poison rods are composed of hainiun metal
over the tuil length of the active fuel. Inen material comprises the balance of the rod They will
reside in the vuter guide tubes of quarter core assembly numbers 1, 2and 8 The ! &l system
dJesign will also incorporate four natural uranium fuel assemblies in quarter core loca on
number 14 for additional neutron flux reduction 1o the critical walds.

NUCLEAR DESIGN

The District's nuclear design methodology Is discussed in Reference 3-1

3.1 Euel Management
The raload core fuel management is performed by the District  Current fuel

management schemes are selected to reduce fiux 10 the reacior pressure ve sal
welds

OPPD-NA-8301-NP, Rev. 04
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30 NUCLEAR DESIGN (Continued)

32

34

Bowe Distubution Measuremant

The Listict uiiizes the CE methodology (Reterence 3-2) 1o measwe the POy #f
distnoutions. This methodology s discussed in the Cycles 5 and 6 reload & bmitals
@nd approved in the SER s for these fuel cycles (References 3-3 and 3-4)

The power distributhion uncern = nties which are INcluded 'n the overall analys  of reload
cotes are

Eatamete Mocenaun

30 Peak, Fq 3-D 6.2%

vnegrated Radial Peak, F, 60%

Planar Racial Peak, F,, 53%

These values are approved for uge in CENPD-153-P (Reference 3-8). A mc o detailed
GISCUSSION Of the reaimen of uncenainties and allowances can be found in elarence
3-6

Physics Satety Relateq Data

The physics cafety related daty ae produced using the methadoiogy discus ed in
Reference 3-1

4.0 THERMAL HYDRAULIC DESIGN

41

Steady State DNBR Analysis

Tre steady state ONBR analysis is performed Dy the District using the
TORC/CETOP/CE- 1 methodology (References 4-1, 4-2, 4-3, 4-4 and 4-5) This
methodology was approved 1o use by the Diswrict in Referance 4-6.

411 Grid Space’ Loss Coefficients

The analysis utilzes a D-TORC mode! with explicit representation o the 1ags
coefficients asso. ated with CE and W tug! assemblies  The nomini  grid 1088 '
coeffic.ents used In th.ymal hydraulic analysis are

OPPD-NA-8301-NP. Rev. 04
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4.0

THERMAL HYDRAULIC DESIGN (Continued)

4.1 Steady State DNBR Analysis (Continued)

4.1.1 Grig Spacer Loss Coefficients (Continued)

N Spacer KE Spacer

( ] Loss Coetticiunt (K)
Re > Reynolds Numbe:

These values were oblained by Westinghouse uting single phase p ssure
drop testing of a Westinghouse tes! assemtily and a typical CE 14 x 4
assembly.  Single phase hydraulic 1088 coetticients, previously trant nitted in
Reference 4-7. contained a | | vhile the
values given abcove are best estimate values  Because of the sensi /ity of
DNBR calculations to the difference in spacer grid loss coefficients. he Disirict
utilizes the Reynolds numbe: expression for lose coefficients. This ; ovioes
he Most accurate representation of ihe pressure drop aCrOss each « racer Qrid
inthe assembly  Thus the cross flows between adjacent assemblic - in the
region of the spacer grid are accurately modeled.

The spacer grid geometries for the CE and W spacer grids are show I
References 2-2 and 2-1 . respectively  The spacer grid enveiope It both the
CE and W grids is 8 116 iInches by B 115 inches The axial location  the CF
W and ANF spacer grids is shown in Figure 4-3

In D-TORC caicu.ations, the spacer grid loss cosfficient for 8 chann |
coresponds to the assembly type whenever a channe! represents a ingle
assembly or & portion of an assembiy  The choice of 1088 coeflicier for
lumped channeis 1 O-TORC Is made such that the minimum fiow is Jrovided
10 the limiting fue: assembly. The CETOP model employs the space grid l0ss
coefficient tor the limiting assembly caiculated in U-TORC. The irile flow
fraction of the CETOP model is tuned such that the CETOP model pi \duces
conservalive results with respect 10 the D-TORC model which mod & all fuei
assemblies

OPPD-NA-8301-NP. Rev. 04
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40

THERMAL HYDRAULIC DESIGN (Continued)
41  Steady State DNBR Analysis (Continued)

412 CE-1 Correlation

The District utilizes the CE -1 correlation tor DNBR calculations. The ange of
data in the data base for the CE- 1 comelgtion 18 conained in Retere ces 4.1
and 4-2. The range of parameters for the CE-1 corelation and corn sponding
ranges for the CE and W assemblies are shown in Table 4-1 Becal se the
aata for the W fue! assembly is within the range specified in the CE-  data
base the use of CE- 1 conelalion 1s appropriate 1or the W fuel

413 D-TORC and CETOP Models

The District utilizes the D-TORC code (Reference 4-3) and the CET( P code
(Reterence 4-4) 1o perfarm thermal hyaraulic analysis for the Fort C¢ oun
reload core. The fraction of inlet low 10 the hot assembly in the CE™ DP mode!
i% agjusted such that the model yields appropriate MONBR results v 1en
compared with results of D-TORC analysis for a given range of ope iing
congitions. The fraction of inlet flow 18 determined for each reload ¢ re. The
use of this methodology was approved for use by the District in Ret ence 4-6

The following paragraphs discuss the application of the CETOP cod 1o the
Fort Calhoun reactor Examples are for the Cycle B core (which comnt (ned ANF
and CE fuel types)

Thermal margin analysis utilizing the CETOP moael is supponed by omparing
e predictions for Fort Cathoun Station with those obtained from a o lalled
TORC analysis Several operating conditions were arbitrarily select 3 for this
demonstration. they are representative. bul not the complete set, of ondiions
which would be considered for a normal DNB analysis.

OPPD-NA-8301-NP. Rev. 04
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THERMAL HMYDRAULIC DESIGN (Continued)

41

Steady State DNBR Analysis (Continued)

413 D-TORC and CETOP Models (Continued)

A thermal margin modal for 1800 MWt for Font Calhoun Unit No 1 wi
developed for the 1ullawing operating rang #6

Inlet Temperature ' a8
System Pressure 1760 10
Primary System 4-Pump Flow Rate,

(LCO = 186,000 gpm) B0°
Axial Power Distribution 081710 +

The detailed thermal margin analyses were performed for the samp)
using the radial power distribution and detailed TORC model shown
4-4 4-5 and 4-6 The appropriate space’ grd loss coeficient was
#ach “assembly” channel or panial assembly channel in each stage
1, lumped channel 28 utilized the CE spacer 110 .oss coefficient be
channel was predominantly composed of CE fuel  Lumped channe!

1o 600 “F
400 psia

10 120%
526 ASI

core
n Figures
applied 1o
In stage
ause the
26 and

27 utilized the ANF spacer grid (uss coefficient because either ihe © annel was

composed of entirely ANF fuel of conta.ed a single CE assembly r,
boundary betweer channels. The axial power disintinions are give:
4-7. These distributions were the mos! Iimiting ones generated for |
of the cycle and 1or the varous power dependent inseition limite exe
The core inlet flow and exit pressure distributions used In the analys
based on the flow moael test results given in Figures 4-8 and 4-9.
ol the detailed TORC anaiyses are given in Table 4-2 The Cycle 14
and CETOP models incorporate the appropsiate changes 1or W tuel
parameters. The same methods apply 10 the mixed CE ang W core
applied to the CE and ANF mixed core.

The CETOP design model was a total of four thermal hyaraulic chan
mocdie! the open-core fiuid phenomene. Figure 4-10 shows the lay
these channels. Channei 2 1s a quadrant of the hottes! assamily w!
represents

OPPD-NA-8301-NP. Rev. 04
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5.0

6.0

THERMAL MYDRAULIC DESIGN (Continued)

41

Steady State DNBAR Analysis (Continued)

413 D-TORC and CETOP Modeis (Continued)

e average coolant conditions for the remaiiing portion of the core. The
houndary between channels 1 and 2 1s open for crossfiow, the rema NG outer
boundaries of channe! 2 are assumed 10 be IMpermeabie and adiat ic
Channel 2 iIncludes channels 3 and 4. Channel 3 lumps the subchar els
Adjacent 1o the MDNBR hot channel 4 The “hot" assembly deiermii ad from
D-TORC analysis was an ANF assembly. Since CETOP models & ¢ adrant of
the “hot" assembly, the AMF spacer grid I0ss coeMicient was used || the
analysis

The CETOP mode describ #ol above was applied 10 the same caces os the
detailed TORC analyses. "he results from the CETOP model analyt & are
compared with those rom he detalled analyses i Table 4-2 it ‘wa: found that
& constant iniet flow split providing hot assembly iniet mass velocity Jf | ) ot
the core average value 18 tppropriate 1or 4 -r ump operation so that | IDNBRA
resunts predicted by the CETOP model are either conservative or ac: srale 1or
the Cycle 8 core. The uncenainties associated with the thermal hyd awlic
analysis are combined statistically (Refeence 4-8) In this mothod. he impact
of component uncenainties on DNBR it assessed and the SAFDL s noreased
10 Include the eftects of the uncenainties

POSTULATED ACCITL: 'S AND TRANSIENTS

The postulated accidents and transients are analyzed using the methodology discus ed in

Referance §-1

SETPOINT GENERATION

The Distriot utilizes the methodology discussed in CENPD-109-P (Reference 6- 1) e jenerate
setpoints for Fort Calhoun Station. The Disiriol's reactor physics methodology 1s dis Lssed In

Reference 6-2

OPPD-NA-8301-NP, Rev 04
Page 6 of 25
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SETPOINT GENERATION (Continued)

The scram reactivity curves are produced using the QUIX code  The power-1o-tuel « ssign lime
On centertine meit 18 derived using the QUIX code with the appropriate combinations 1 planas
radial peaking tactor .7 and axial power distribution

The thermal margin analysis i done using the CETOP code with the apprupriate cor Linalions
of the inegrated racial peaking tactor Fp™. axial power distribution, RCS inlel tempe e and
RCS pressure

The Fort Calhoun RPS ulllizes the “standard” local power density trip and TM/LP trip The
sequential CEA witharawal 16 analyzed using the methads tescribed in Reterence 6 | and not
included in the TM/LP trip considerations  The RCS depressurization event provides he
iransient anaiysis input ino the TM/LP trip

6.1  Ingore LCO Monitoring

The Better Ax'al Shape Selaction System (BASSS) monitors the Lim/ ng
Conaitions for Operation on peak lINear hea! rale And departure ron NUCleale
bolling using as Input the data avallable from the MINI-CECOR coar and the
plant compute: This arangement 1s similar 1o the one used by Baltl \ore Gas
and Electric at their Calven Clitts Units, and described in the Combi tion
Engineering Setpoint Topical (Ret. 6-1)

MINI-CECOR i# a plant computer version of Combugtion Engineerin s
CECOR code 1t is used In this application 1o synthesize the followi 3
parameters rom readings of the fixed in-core detectors

The thiee-dimensional power peaking factor Fg)
The core average axial shape index (1)

The total planar radial peaking tactor (Fy,T)

The total integrated radial peaking factor ( Fg")

B W W =

These inputs 1o BASSS are descriptive of the existing core power di irbution.
The inputs to BASSS abtained from the plant computer are the follo ing

1 Measured core power level
2 Percent insertion of the lead CEA reguialing group

OPPD-NA-8301-NP. Rev 04
Page 7 of 26
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6.0 SETPOINT GENERAT.ON (Continued)
6.1 Incore LCO Monitoring (Continued)

BASSS consists of two aigorthms. one for peak linear heat rate mc Horing
ana another for DNB monitoring  The peak linear hea! rate aigorithn uses the
3-D power peaking tactor and the measured cote power lovel 10 ca ulate the
Core peak [inear heal rate. The algorithm applies appropriate uncer inties and
allowances (per the Technical Specifications) 10 the 3-D peaking fac or The
Measured peak linear heat rate is compared to the monioring iimit.  hioh is
based on both LOCA and AQO transient analysis considerations. ar | an alarm
'8 activated when the monitoring limit is exceeded. The power oper ting limit
on linear heat rate is aiso caloulated and cisplayed as an indication if the
available operating margin. The DNB aigorithm is an improvement « /er the
excore ASI monitoning system in that it uses in-core axial shape ind «, CEA
group pastion and the radial peaking factors 10 establish the plant « power
operating limit. An alarm (s activated when the power operating limi (s
exceeded A gain in operating margin results from the following

1 Areduction in ASI uncenainty due 10 the use of in-core ASI vers s ex-core
AS|

2. Knowledge of the actual CEA group position versus, the ex-core iystem s
assumption that the CEAs are inserted 10 the PDIL's ransient inserni: 1 limit

3 Knowledge of the actual radial pecxing factors versus the ex-co »
Syslem & assumplions that radial peaks are at the Technical Specific ation
limits

OPPD-NA-8301-NP, Rev. 04
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70

SETPOINT GENERATION (Continued)
6.1 Incore LCO Monitoring (Continued)

e -

BASSS /s also provided with the capability 10 rwonitor the Limiting Condition  for
Operation on F, " and F,7 If the Technicai Specification for Operation on T or F,T
are exceeded during normal plant operation. BASSS wiil activate an alarm a d
caloulate the proper trade-off with maximum allowed power that ensures the the Axial
Power Distribution and Thermal Margin/Low Pressure Trips remain conserval /e An
alarm (s activated If the measured power level is higher than the allowed po ef level

62 Uncenainties

The uncertainties are treated statistically in *ve District's selpoint analyeis as dentified
in refarences 6-1 and 6-3

CORE OPERATING LIMITS REPORT '

The core operating limits report (COLR) will be Incorporated into the plant Technica
Speciications as pan of the Cycle 14 reload license application. The COLR will utili e the
guigance provided In Retereance 7-1. The reload analysis for Fort Calhoun 10 gener e the
COLR values will utilize the methods described in References 7-2 7-3and 7-4 Tr  use of
these NRC approved methodologies does not permit substantial discretion on the p 1 of
OPPD and does not require substantial engineering judgement 1o be uillizeu 1o derly  the cycle
specitic parameter limits included in the COLR

OPPD-NA-8301-NP. Rev. 04
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7.0 CORE OPERATING LIMITS REPORT (Continued)

The COLR will consist of the foliowing items

Thermal Margin/ Low Pressure LSES tor 4 Pump Operation
Refueiing Boron Concentration

Limiting Conditions for Operation for Excore Monitoring of LHR
Power Dependent Insertion Limit (PDIL)

Unroaded Integrated Radial Peaking Factor (F))

Unrodded Planar Radial Peaking Factor (F,)

Allowable Peak Linear Meat Rate vs Burnup

Fyy . F.T and Core Power Limitations

In accordance with Reference 7-1 requirements, updates to the COLR aurng the op ating
cycie will be issued 10 the NRC (NRR, Region IV and Senior Resident Inspector) cor urrent
with internal OPPD distribution

OPPD-NA-8301-NP, Rev. 04
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TABLE 4-1

PARAMETER RANGES OF THE SOURCE DATA FOR THE CE-1
CHF CORRELATION AND THE RANGE OF WESTINGHOUSE, CE
AND ANF 14 x 14 FOR FORT CALHOUN VALUES

CORRELATION CE ANF WESTI! SHOUSE
PABAMETER __ __ _ _ _BRANGE ___ RANGE _ _ RANGE BRA GE_____
Pregsure (psia) 1785 10 2415 N/A N/A N &
Local Coolant Quality 1610 20 N/A N/A N &
Local Mass Velocity 087x10°10
(DM - 12 3.21x108 N/A N/A N A
Subchannel Wetted Equiv 3588 10 4043 10 4010 10 40« 110
Diameter (in) 5447 5449 5402 5 18
Subchanne! Heated Equiv 4713 to 5334 10 8270 o 83 110
Diameter (in) 7837 7840 7780 71 40
Heated Length (in) 84 10 150 128 126 1.3
Grid Spacing (in) 14210 18.25 16.8 16 8 18

OPPO-NA-8301-NP. Rev. 04
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e CAUDE LA LA CLCLS
Inlet  Avg Mass  Core Avg,
Pres  Temp  Vekogity Heat Flux

TABLE 4-2

COMPARISONS BETWEEN TORC AND CETOP-D

MONER

Detatled CETOP
TORC Inlet

Shape  Relative
index Flowin  Fagtor

Flow

As il Elev,
INBR L)
Detailed CETOP
TORC Inlet
Reiative Flow
Flow in Factor  D2iaile

(psia)  (F) (1) 2) (ASI) Loc $ [ Lo¢ § [} TORC  CETOP
1780 480 1 e .si0 [0 N
JHK) 450 17432 257008 - 517
2250 450 1.7432 261198 - 517
2400 450 1.7432 2641 1K -.517
21K M5 2,1790) 216404 - 517
| 780 hi) 1.7432 1492531 «.206
21K Ll 1.7432 16K727 =206
2280w 1.7432 1 7639K «.206
240 tiK) 1.7432 |84260 -.206
21K 545 2. 1790 257118 - 206
210 545 <. 1790 82778 A04
2100 S5 2.17%) JUNnd4 203
1750 480 1.7432 298262 527
1780 S48 1.7432 227063 527
1780 LY 1.7432 147319 A2
2100 55 o 1790 S58014 827 i o

(1) (P My /he-f13)
(2) (MU he<i?)

OPPD-NA-8301-NP, Rev. 04
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DELETED

ANF | Omaha Public Power District | Figure
FUEL SPACER GRID Fort Calhoun Station-Unit No. 1| 4.2
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FE%
I 6 6 ”n (18 19
9964 11,0836 |),200 1.0669 '1.:u7 1. 0888
, ———
‘ 28
9162

STAGE 1 TORC CHANNEL
GEOMETRY FOR FCS UNIT NO.1

Omaha Public Power Distrat
Fort Calhoun Station-Unit No, 1

Figure
4-4
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STAGE 2 TORC CHANNEL

Omaha Public Power District Figure
GEOMETRY FOR FCS UNIT NO. 1 Fort Calhoun Station-Umt No.1| 4.5
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STAGE 3 TORC CHANNEL Omaha Public Power District
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INLET MASS vELOC!
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0.90 0,94 0.94 0.98 .99
08 Q9 10 11 12 13
0.94 0.98 1,03 1.03 9.97 1,00
1 T 16 \7 T 19
.02 0.99 1.08 1.04 1,00 1.07
0 1 2 2 I
g1 . 1,02 1,07 1,08 0,97 1,08
0.91 34 8 2 0 b}
P 1.08 1,00 1.08 1,08 1.04 1.08
L I T 0s 1 ) M 9
1.08 1.0 1.09 1.08 1,01 1.10
Figure
FLOW DISTRIBUTION Omaha Public Power Distnet 9
péhg'gs. 4-PUMP OPERATION |Fort Calhoun Station-Unit No.1| 4.8
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. IMPERMEABLL AND ADIADAYI
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Table 1

RELOAD CORE ANALYSIS METHODOLOGY OVERVIEW
OPPD-NA-8301-NP
REV. 04

Changed the revision number and date
Updated revision number

Change all references of Combustion Engineering to ABB
Combustion Engineering

Replaced referances 10 ANF with references (o Westinghouse
(also denoted by W) where appropriate.

Added Westinghouse Electric Corporation to Proprietary Data
Clause.

Updated Tahie of Contents 10 include Chapter 7 on Core
Operating Limite Repon

Added reference 10 W (Westinghouse) 10 Table 4-1 on List of
Tables

Deleted Figures 4-1 and 4-2 from list .
Updatad Revision Sheet

Added reference ‘0 Westinghouse Eiectric Corporation as current
fuel vendor. Added words "potentially” and “U.8 "

Changed paragraph 3 10 discuss current PTS flux
reduction efforts.

Changed reterence 1o Figures 4-1 and 4-2 1o Reterences 2-2
and 2-1, respectively. Replaced ANF with W grid spacer
loss coefficients and used test data for CE fuel

Added historical detall on core loading during Cycie 8.

Added sentence regarding use of TORC with Westinghouse fuel
assemblies.

Deleted "and excess load" Changed "events provide” 1o “event
provides”.

Added Section 7.0 for Core Operating Limits Report.
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Table v (Continued)

RELOAD CORE ANALYSIS METHODOLOGY OVERVIEW
OPPD-NA-8301 -NP
REV 04

Added references 2-1 and 2-3 10 Section 2 references. Deleted
reterences 10 ANF fuel from Section 2 reference (st
Renumbered references.  Added -A 12 NAC approved
lopical repons »-1 &nd 3-6

Updated reference 6-1 10 the latest revision  Added refsrences
for Section 7. Added -A to NRC approved fopics
repons 1or referance 6-3

Added parameter ranges for Westinghouse fuel

Added dimensicns 1or Westinghouse fuel grigs, normalized
distance 1o center of the grig.



